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（1）研究了不同快速热处理（Rapid thermal processing, RTP）气氛对铜沉淀
的影响。研究发现，不同气氛下 RTP 预处理会影响硅片中点缺陷的种类和浓度
分布曲线，从而对铜沉淀造成很大的影响：N2 气氛下 RTP 预处理的样品中体微
缺陷基本都集中在硅片近表面处；Ar 气氛下 RTP 预处理的样品中体微缺陷都集




























Due to the significant effect of 3d-transition metals copper and iron on the
silicon-based materials and devices, it is very important to investigate the copper and
iron precipitation mechanism, not only for enriching and developing the principle of
"defects engineering", but also for improving the quality of silicon-based electronic
devices. Combining with the preferential etching, optical microscopy and Fourier
transform infrared(FTIR) spectrometer investigations, some conclusions are obtained
and described below:
(1) The influence of Rapid thermal process(RTP) atmospheres on copper
precipitation. It was revealed that RTP in different atmospheres induce different point
defect concentration and distributions profile , which can influence the behavior of
copper precipitation remarkably. When the specimens underwent RTP pre-annealing
in N2, the bulk microdefects(BMDs) almost generated in the area near the surface. For
RTP pre-annealing in Ar, the BMDs existed in the internal region. In O2, the BMDs
were similar to the specimens in Ar, mainly existed in the internal region, but the
width was narrower.
(2)The influence of oxygen precipitation on copper precipitation. It was found
that the density, distribution and morphology of copper precipitation can be
influenced by oxygen precipitate sequence significantly. The spherelike copper
precipitates uniformly distributed along the whole cross section generated only in the
specimens oxygen precipitation at the very beginning of the heating treatment, while
in the specimens copper precipitation firstly, the large star-like precipitate colonies
generated due to the repeated nucleation mechanism. Combining with FTIR
investigation, copper precipitation enhanced oxygen precipitation remarkably, so the
BMDs density of the latter was higher than the former. The influence of oxygen
precipitation nuclei, formed during 750℃ for 8 h annealing, on copper precipitation
was similar to that of oxygen precipitation, indicated that the initial nucleated density
and distribution of oxygen precipitation were the main factors to determined copper
precipitation.
(3) The influence of iron contamination on denuded zone(DZ). It was shown that














conventional high-low-high or on samples annealed by RTP-low-high. The width of
the DZ obtained by conventional high-low-high annealing was wider than that by
RTP-low-high annealing . Moreover, it was found that the introducing concentration
of iron impurity had no influence on the DZ width obtained by conventional
high-low-high or RTP-low-high annealing, which means that the DZ width was
decided by the oxygen outside diffussion and the vacancy distribution profile,
respectively.
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形成氧沉淀。另外，1998 年美国的 MEMC 公司发明了一种基于快速热处理（RTP）






过渡族金属（3d transition metals）就是元素周期表中的 21-30 号元素 Sc、Ti、
V、Cr、Mn、Fe、Co、Ni、Cu、Zn。在本征硅中，大部分的过渡族金属（如 Cu、






























其中 0silS∆ ， silH∆ 分别是过渡族金属由金属硅化物转变成自间隙金属而发生的熵






如在 1000℃下，铜和镍的固溶度约为 1017 cm-3，而铁的固溶度为 1014 cm-3。
图 1.1 共晶温度下硅中一些典型过渡族金属的固溶度随温度的变化图[13]
Fig. 1.1 Solubilitie with temperature variations of representative transition metals in





































在有掺杂的硅中过渡族金属的固溶度 [ ]sol）（σiM 为[13]：
















式中σ 表示的是过渡族金属的化合价， FE 和
i
FE 分别代表实际的费米能级和本征
费米能级。图 1.2 是 700℃下过渡族金属的固溶度随费米能级的变化图 [10]。图中
显示，金属的固溶度在 p 型硅中和 n 型硅中都有增加，且在 n 型硅中的增加更明
显。这可能是因为在 n 型硅中会形成较难扩散的金属，而在 p 型硅中形成部分快
速扩散且带正电荷的自间隙态金属。另外，Colas 等人 [14]发现硅中的 Fe、Cr 和
Pt 等的固溶度也会受氧沉淀的影响。
对于在硅中主要以替代位置形式存在的金属 Zn、Pt 和 Au 等，它们在本征
硅中的固溶度主要就是替代位金属的浓度，通常可以采用中子活化的方法测得。
图 1.2 700℃下过渡族金属的固溶度随费米能级的变化图[10]
























如 Cu和 Ni 等。它们在硅中的扩散可以用式子表示为[15]：
( )/KTH-exp D=D m0 （1.4）
式中 D0 代表的是扩散因子，Hm 表示迁移焓，K 则是玻耳兹曼常数。图 1.3 显示
是硅中一些典型的过渡族金属的扩散系数随温度变化图。从图中可以看出，在同
一温度下不同金属的扩散系数也不同。Cu 和Ni 等由于在六面体间隙位置更稳定，
迁移焓 Hm 较低，所以扩散系数较大，是快扩散金属；而 Fe 等在四面体间隙位
置更稳定，需要克服的迁移焓 Hm 较大，扩散系数就小，属于慢扩散金属[16]。
图 1.3 硅中一些典型的过渡族金属的扩散系数随温度变化[13]
Fig. 1.3 Diffusion coefficient with temperature variations of representative

















的位置，形成了替代位的金属 Ms 和自间隙的硅原子 I，反应式可以如下表示[13]：
IMM si +↔ （1.5）
而分离机制，就是替代位的金属 Ms移动到晶格中的间隙位置，产生间隙态的金
属 Mi和空位 V，反应式可以表示为[13]：
VMM is +↔ （1.6）
间隙铜在硅中一般是离子化的状态，即 +iCu [17,,18]。Hall 等人[19]研究了 Cu 在
硅中的扩散系数，可以用以下式子表示：
( )KTeV /43.0exp104.7D -3 −×= cm2s-1 （1.7）





( ) ( )KTeV /01.018.0exp100.33.0D 4- ±−×±= cm2s-1 （1.8）
其适用范围是 265 K < T < 1173 K。
铁在硅中的扩散主要也是间隙扩散，替代位的铁几乎不存在。Weber[12]根据
前人的研究，首先建立了铁在硅中的扩散系数，其表达式如下所示：
( )KTeV /68.0exp101.3D -3Fe −×= cm2s-1 （1.9）
它的适用范围是 300℃ < T < 1200℃。后来在更多精密实验的基础上，Istratov 等
人[23]提出了铁在硅中更为精确的扩散系数公式，如下所示：
( )KTeV /67.0exp101.0D -30.80.4-Fe −×= cm2s-1 （1.10）
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